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BACKGROUND OF THE INVENTION 

■r 1 . Technical Field 

The inventive arrangements relate generally to video recording systems and 
more particularly to video recording systems that record digitally encoded video 
sequences onto storage media such as recordable digital video discs, hard drives, 
magneto optical discs and digital tape. 
2. Description of Related Art 

Many consumers have recording devices which they use to record their 
favorite programs. In recent years, however, consumers have been inundated with 
programming choices. For example, some satellite transmission systems can 
contain over 500 channels with programming content. As a result, a single recording 
device severely restricts the consumer's options if the consumer wishes to record 
20 several programs. 

As a solution, a consumer can purchase more than one recording device and 
can program each of these devices to record a separate program. Alternatively, 
several encoders and decoders can be placed in a recording device to 
accommodate multiple video signals. Notably, however, both of these options 
25 increase costs significantly. Moreover, a recorder that employs multiple encoders 
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and decoders may produce a bit rate that exceeds the recorders maximum recording 
rate and can increase the complexity of the design of the recorder. Although one or 
more optical drive units can be added to solve the bit rate problem, the issues of 
added cost and design complexity renders this solution inadequate as well. Thus, 
5 what is needed is a recording device capable of recording and playing back multiple 
video signals without significantly increasing the cost or complexity of the recording 
device. 

*H Summary of the Invention 

^ The present invention concerns a method of recording multiple programs onto 

ft a storage medium. The method includes the steps of: receiving a plurality of 
r multimedia inputs; sampling the multimedia inputs such that the sampled multimedia 
%j inputs contain a portion of the plurality of multimedia inputs; combining the sampled 
SJ multimedia inputs; and encoding the sampled multimedia inputs such that the 
M= number of encoding devices required to encode the sampled multimedia inputs is 
1 5 less than the number of the plurality of multimedia inputs. The method can also 
include the step of playing back the sampled multimedia inputs. In one 
arrangement, the playing back step can further include the steps of: decoding at 
least one of the encoded sampled multimedia inputs to provide a decoded signal; 
and processing the decoded signal to enable the display of at least one of the 
WO multimedia inputs. Additionally, the processing step can further include the step of 
ji; upconverting at least one of the sampled multimedia inputs. 

In another arrangement, the method can further include the step of providing 
f r a dummy input to be combined with at least one of the sampled multimedia inputs, 
sj Moreover, the plurality of multimedia inputs can contain multimedia data selected 
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from the group comprising video, audio or a combination thereof. Also, each of the 

plurality of multimedia inputs can contain audio and video. 

In another aspect, the multimedia inputs containing video can include a D1 

video signal, and the sampling step can further include the step of sampling the D1 
5 video signal to a one-half D1 video signal. In addition, the multimedia inputs 

containing video can include a D1 video signal, and the sampling step can further 

include the step of sampling the D1 video signal to an SIF video signal. In another 
=fl aspect, the multimedia inputs containing audio can include an audio signal with 
If more than two channels of audio, and the sampling step can further include the step 
Jp of sampling the audio signal to a stereo signal. Moreover, the multimedia inputs 
J* containing audio can include an audio signal with more than two channels of audio, 
sj and the sampling step can further include the step sampling the audio signal to a 
H mono signal. 

^ The present invention also concerns a system for encoding a plurality of 

15 multimedia input signals. The system includes: at least one sampler for sampling 
the multimedia input signals such that the sampled multimedia input signals contain 
a portion of the plurality of multimedia input signals; a combiner for combining the 
sampled multimedia input signals; and at least one encoder for encoding the 
sampled multimedia input signals, wherein the number of encoders is less than the 
20 plurality of multimedia input signals or less than the number of samplers used in 
sampling the multimedia input signals. In one arrangement, the plurality of 
multimedia input signals can comprise audio signals, and the system can further 
include: a receiver for receiving the audio signals; a downmixer for downmixing the 
audio signals; and at least one encoder for encoding the downmixed audio signals, 
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wherein the number of encoders is less than the number of audio signals. In 
another arrangement, the plurality of multimedia inputs signals can be video signals 
and audio signals, and the system can further include a multiplexer for multiplexing 
the video and the audio signals. 

In another aspect, the system can also include: a decoder for decoding at 
least one of the encoded sampled multimedia inputs to provide a decoded signal; 
and a processor for processing the decoded signal to enable the display of at least 
one of the multimedia inputs. In addition, the system can include a demultiplexer for 
demultiplexing the audio and video signals and a display device for outputting the 
audio and video signals. Also, the system can include a dummy program generator 
for providing a dummy input to be combined with at least one of the sampled 
multimedia inputs. 

Brief Description of the Drawings 

FIG. 1 is a block diagram of a system that can encode multiple multimedia 
inputs in accordance with the inventive arrangements herein. 

FIG. 2 is a flow chart that illustrates an operation of encoding multimedia 
inputs and decoding such encoded inputs in accordance with the inventive 
arrangements. 

Detailed Description of the Preferred Embodiments 
A system 100 for implementing the various advanced operating features in 
accordance with the inventive arrangements is shown in block diagram form in FIG. 
1 . The invention, however, is not limited to the particular system illustrated in FIG. 1 , 
as the invention can be practiced with any other appropriate system capable of 
encoding and decoding a video signal. The system 100 can include an encoding 
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path 1 10 for receiving and processing multimedia inputs for purposes of storing the 
inputs onto a storage medium (not shown). In addition, the system can include a 
decoding path 1 12 for receiving and processing multimedia data read from the 
storage medium. In one arrangement, these multimedia inputs and the multimedia 
5 data read from the storage medium can contain video, audio or a combination 
thereof. 

As shown in FIG. 1 , the encoding path 110 can include one or more samplers 
m 114 for sampling a corresponding number of video signals. These sampled video 
^ signals can then be fed to a video combiner 116, which can combine or merge these 
fp sampled video signals. Next, these signals can be encoded by the video encoder 

118 and then transferred to a multiplexer 120. The encoding path 110 can also 
sj contain one or more samplers in the form of downmixers 122 for sampling or 
■]M downmixing a corresponding number of audio signals. The downmixed audio 
^ signals can then be sent to an audio combiner 123, which can combine the 
15 downmixed audio signals. These downmixed audio signals can then be encoded by 
an audio encoder 124 and transferred to the multiplexer 120, which can multiplex 
the audio and video signals. These signals can then be sent to a controller (not 
shown) for purposes of recording the signals onto a storage medium. As will be 
explained later, the encoding path 110 can also include a dummy program generator 
20 140 for generating one or more dummy programs, which can then be combined with 
one or more of the incoming sampled video signals. 

Referring to the decoding path 1 12, a demultiplexer 126 can receive and 
demultiplex the multimedia data read from the storage medium. In one 
arrangement, if the multimedia data contains video, the video can be decoded by a 
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video decoder 128 and then sent to a video selector 130. The video can then be 

processed by a video display processor 132 and then forwarded to, for example, a 
display device (not shown). As will be explained below, the video display processor 
132 can be used to upconvert or improve the picture quality of the decoded video 
signals prior to their display. In one arrangement, the video display processor 132 
can be a line doubler; however, the invention is not so limited, as any other known 
device capable of improving picture quality can be used. 

If the multimedia data contains audio, the audio can be decoded by an audio 
decoder 134 and then transferred to an audio selector! 36. Subsequently, the audio 
can then be sent to the display device as well. In another arrangement, the 
decoding path 112 can also include a program selector 138 with control interfaces 
connected to the video selector 130 and the audio selector. The program selector 
138 can permit a user to choose between any of the video or audio signals read 
from the storage medium, as a plurality of these signals may be recorded onto the 
storage medium during the receiving and encoding steps performed in the encoding 
path 110. Only those signals selected by the user through the program selector 138 
for display are permitted to pass through the video selector 130 and/or the audio 
selector 136. The steps performed in both the encoding path 110 and the decoding 
path 112 will be explained in detail below. 

RECORDING AND PLAYING BACK MULTIPLE PROGRAMS 

According to the inventive arrangements, multiple programs can be recorded 
onto a storage medium. Specifically, a plurality of multimedia inputs can be 
received, and these inputs can be sampled such that the sampled multimedia inputs 
contain a portion of the plurality of multimedia inputs. These sampled multimedia 
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inputs can then be combined and encoded such that the number of encoding 
devices required to encode the sampled multimedia inputs is less than the number 
of the plurality of multimedia inputs or alternatively, less than the number of 
sampling devices used to sample the plurality of multimedia inputs. In addition, 
5 these sampled multimedia inputs can be played back by decoding at least one of 
them and processing the decoded signals to enable the display of at least one of the 
multimedia inputs. Further, during the processing step, one or more of the decoded 
|3 multimedia inputs to be played back can be upconverted. 

FIG. 2 illustrates a flowchart 200 that demonstrates one way in which multiple 
1§ programs can be recorded onto a storage medium using a reduced number or a 
7* minimum number of encoding devices. At step 21 0, a plurality of multimedia inputs 
SJ can be received. These multimedia inputs can be audio signals, video signals or a 
H combination thereof. Moreover, the invention can receive any number of multimedia 
^ inputs. 

15 At step 212, these multimedia inputs can be sampled such that the sampled 

multimedia inputs contain a portion of the plurality of multimedia inputs. For 
example, the resolution of the pictures contained in each of the plurality of 
multimedia inputs that are sampled can be less than the resolution of the pictures 
contained in each input prior to the sampling process. A number of sampling 

20 techniques can be employed to perform this step. As an example, if video is being 
received, then the resolution of the video signal can be reduced by removing lines of 
resolution or by removing pixels from the pictures contained in the video signals. If 
audio is being received, then each audio signal can be sampled or downmixed by 
removing one or more channels of audio contained in each of the audio signals. It 
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should be noted, however, that the invention is not limited to any particular sampling 
technique, as any other suitable technique known in the art can be used to sample 
the incoming multimedia inputs. 

The following discussion illustrates an example of the sampling process. Two 
5 D1 video signals can be received. The D1 signals are video signals with a picture 
resolution of 720 X 480. In some instances, the picture resolution is 704 X 480. 
These signals can be sampled thereby converting them to 1/2 D1 video signals, i.e., 
^5 video signals with a picture resolution of 352 X 480. As a result, each of the 
;^ sampled 1/2 D1 signals contains a portion of its original, corresponding D1 video 
H) signal. In another example, the D1 signals can be sampled down to 1/4 D1 signals 
r or standard input format (SIF) signals with a picture resolution of 352 X 240. 
Nl Although the foregoing discussion is helpful because D1 , 1/2 D1 and 1/4 D1 video 
li 1 signals are conventional formats, it should be noted that the invention is not limited 
|sSl to such examples. In fact, any number of incoming video signals can be sampled 
1 5 down to any other suitable resolution or picture size. 

As another example, two separate audio signals can be received in which 
each audio signal contains four channels of audio. These incoming audio signals 
can be sampled or downmixed to audio signals containing only two channels of 
audio, i.e., each audio signal is now a stereo signal. In another example, the 
20 incoming four channel audio signals can be downmixed to audio signals containing 
only one channel of audio, i.e., each audio signal is now a mono signal. Similar to 
the examples relating to the incoming video signals, however, the invention is not 
limited to the foregoing examples, as any number of incoming audio signals can be 
sampled or downmixed to any other suitable format or size. 
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Once the multimedia inputs have been suitably sampled, the sampled inputs 
can be combined, as shown in step 214. For example, if two D1 signals have been 
received and sampled down to 1/2 D1 signals, these signals can be combined to 
create a signal that contains the same number of resolution lines as that typically 
5 carried in a full D1 signal. Similarly, if two separate four channel audio signals have 
been downmixed to two separate stereo signals, then these stereo signals can be 
combined to create a four channel audio signal. 
m In one arrangement, a dummy program signal can be generated, which can 

Sr then be combined with one or more of the incoming sampled video signals to 
JJo produce a combination of sampled signals in which the combined resolution of the 
r combined signals - including the dummy signal - is equal to that of a D1 signal. A 
H dummy program signal can be a video signal that contains no programming, i.e., a 
;i blank picture. As an example, if three D1 signals are received, it may be desired to 
^ sample these signals down to 1/4 D1 signals, as the 1/4 D1 format is a conventional 
15 format. Notably, however, if three D1 signals are received and sampled down to 1/4 
D1 , the combined lines of resolution do not equal that of a full D1 signal. 
Significantly, many video encoders operate more efficiently on video signals with the 
resolution in a D1 signal. Thus, it may be useful to combine a dummy program 
signal to the 1/4 D1 signals to enable the encoder to operate more efficiently. It 
20 should be noted, however, that the invention is not limited to this particular example, 
as a dummy program signal can be added to any suitable number of sampled video 
signals for purposes of improving video encoder performance. 

Once the multimedia inputs are properly sampled, the inputs can be encoded, 
as shown in step 216. Notably, as the incoming multimedia inputs have been 
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sampled, the number of encoding devices required to encode these sampled signals 
is less than the number of the original multimedia inputs. For example, if a 
conventional storage medium device receives two separate D1 video signals, then 
the storage medium device requires two separate video encoders to encode the D1 
5 signals simultaneously. Likewise, if two separate four channel audio signals are 
received, then the storage medium device requires two separate audio encoders to 
encode the two separate four channel audio signals. 

in accordance with the inventive arrangements, however, sampling the 
incoming multimedia inputs reduces the number of encoders normally required to 

IB encode the multimedia inputs. As an example, if two D1 video signals are sampled 
down to 1/2 D1 signals and then combined, then only one video encoder is needed 

n to encode both of these signals simultaneously. This reduces the number of 

encoders required to perform such a process from two to one. Further, if four D1 

iSB video signals are sampled down to four 1/4 D1 signals and combined, then, again, 

15 only one video encoder is needed to encode these 1/4 D1 signals. 

As another example, if two audio signals each with four channels of audio are 
downmixed to stereo signals and combined, then only one four channel audio 
encoder is required to encode the downmixed signals simultaneously. Also, if four 
audio signals each with four channels of audio are downmixed to mono signals and 

20 combined, then only one four channel audio encoder is needed to encode the 

downmixed audio signals. As a result, the number of encoders required to encode 
the sampled multimedia inputs is less than the number of encoders typically required 
to encode the originally received multimedia inputs and is thus less than the number 
of multimedia inputs actually received. It should be noted, however, that the 
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invention is not limited to the foregoing examples, as any number of multimedia 
inputs can be received and sampled down to any other suitable format to reduce the 
number of encoders needed to encode the incoming multimedia inputs. 

In one arrangement, once the sampled multimedia inputs have been 
5 encoded, the sampled inputs can then be recorded onto a storage medium, as 

shown at step 218. A determination can then be made as to whether these sampled 
multimedia inputs can then be played back, as shown at decision block 218. If not, 
J| then the process can stop at step 222. If the sampled multimedia inputs are to be 
Jf played back, then these inputs can be read from the storage medium, as shown at 
fj) step 224. At step 226, one or more of these multimedia inputs can then be decoded 
r to provide a decoded signal. Specifically, the sampled video signals and the 
H downmixed audio signals can be decoded. These decoded signals can then be 
y processed to enable the display of at least one of the multimedia inputs, as shown at 
1=6 step 228. As an example, since a plurality of these sampled inputs may be read 
15 from a storage medium, a user can have the option of selecting which of the inputs 
he wishes to have displayed. For instance, if four 1/4 D1 signals were encoded and 
recorded onto a storage medium, then the user has the option of viewing any 
number of the four signals. Those video signals selected for display can then be 
sent to a display device for viewing while those video signals that are not selected 
20 for viewing can be prevented from being displayed. In addition, the user can have 
the option of choosing which of the audio signals will be played, including the option 
of combining any of the audio signals with any of the video signals for display. 

In one arrangement, the decoded video signals that are to be displayed can 
be further processed or upconverted to improve their picture quality. As an example, 
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the decoded video signals can be upconverted by passing them through a line 
doubler or any other known device used for improving picture quality. Finally, 
flowchart 200 can end at step 230. 

Although the present invention has been described in conjunction with the 
embodiments disclosed herein, it should be understood that the foregoing 
description is intended to illustrate and not limit the scope of the invention as defined 
by the claims. 



